Biologically guided fractionation of the methanolic extract of the roots of Zanthoxylum flavum Vahi. has led to the isolation of 18 constituents: seven coumarins, seven alkaloids, one lignan, two sterols and one triterpene. The isolated compounds have been identified by comparison of their spectral data with those reported. Among the isolates, 14 compounds have been isolated for the first time from Z. flavum. The coumarin oxypeucedanin (6) displayed significant antioxidant activity with an IC 50 value of 8.3 μg/mL in the cell-based DCFH-DA assay. The isolated compounds were also evaluated for their antimalarial and cytotoxic activities.
The genus Zanthoxylum, commonly called prickly-ash, is the largest genus in the family Rutaceae, comprising about 200 species of trees and shrubs, with a worldwide, but predominant tropical distribution [1, 2] . Phytochemical studies on Zanthoxylum have shown it to be a rich source of coumarins, lignans and alkaloids with antipyretic and diuretic properties [3, 4] . Previous work on the root and stem bark of Z. flavum resulted in the isolation of one coumarin (imperatorin) and three alkaloids: chelerythrine, dihydrorutaecarpine and canthin-6-one [5] . Recently we reported the isolation of two new benzofurans from the roots of Z. flavum [6] . Our reinvestigation of the roots of Z. flavum led to the isolation and characterization of 18 metabolites: seven coumarins, seven alkaloids, two sterols, one lignan, and one triterpene aglycone. The antioxidant, antimalarial and cytotoxic activities of the isolated compounds were investigated.
The isolated coumarins were identified as 6-formyl-7-methoxycoumarin (1) [7] , bergapten (2) [8] , xanthotoxin (3) [8] , imperatorin (4) [5, 8] , isoimperatorin (5) [9] , oxypeucedanin (6) [9] , and marmesin (7) [8, 10] , by comparing their spectral data with the reported literature values. Seven alkaloids (8) (9) (10) (11) (12) (13) (14) have been also isolated and their structures were established as skimmianine (8) [11] , canthin-6-one (9) [5] , chelerythrine (10) [5, 10] , N-norchelerythrine (11) [11] , dihydrochelerythrine (12) [11] , chelerythrineacetonate (13) [11] , and dihydrorutaecarpine (14) [5] . In addition, four compounds were isolated and identified as sesamin (15) [12] , lupeol, β-sitosterol glucoside and stigmasterol. Although compounds (1-3, 5-8, 11, 13, 15, lupeol, β-sitosterol glucoside and stigmasterol) are known metabolites, this is the first report of their isolation from Z. flavum.
Since the CH 3 OH extract of Z. flavum showed an antioxidant effect, with an IC 50 value of 42.5 μg/mL using the cell based DCFH-DA method [13] , its biologically guided fractionation was undertaken. Coumarins 1-5 and 7 displayed weak to moderate antioxidant activity with IC 50 values of 29.0-50.9 μg/mL ( Table 1) . Only oxypeucedanin (6) displayed a strong inhibitory effect on ROS (reactive oxygen species) with an IC 50 value of 8.3 μg/mL, due to the presence of an epoxy ring in the side chain. Alkaloids with a benzophenanthridine skeleton (10-13) were either moderate or inactive as antioxidants, and were cytotoxic to the HL-60 cells with IC 50 values of 1.6-42.9 μg/mL (Table 1) . Among a similar class of alkaloids, magnoflorine isolated from Z. piperitum was reported as an antioxidant, evaluated with TBA methods [14] . The quinoline alkaloid, skimmianine (8), a β-carboline alkaloid, canthin-6-one (9) and lupeol showed moderate antioxidant activity with IC 50 values of 34.5, 25.6, and 29.4 µg/mL, respectively ( Table 1 ). The known antioxidant activity of sesamin (15) [15] was confirmed here by the cell-based assay.
All the tested compounds showed no toxicity to Vero cells at concentrations up to 50 µg/mL [16] .
Plant-derived antioxidants (lignans, coumarins and phytosterols) have been examined in either solutionbased DPPH or TBA [14, [17] [18] [19] [20] assays, but a few cell-based antioxidant effects of natural products have been reported [12] [13] . Furthermore, it is interesting to note that alkaloids (8, 9, 11, 13) displayed antioxidant effects on ROS in HL-60 cells.
All the isolated compounds were tested for their antimalarial activity [21] ; among them isoimperatorin (5), bergapten (2), dihydrochelerythrin (12) , chelerythrine acetonate (13), dihydrorutaecarpine (14) and sesamin (15) displayed mild activities (Table 1) Experimental General: UV spectra were recorded on a HewletPackard 8435 spectrometer. 1 H, 13 C, and 2D-NMR spectra were recorded using the residual solvent signal as an internal standard on a Varian AS 400 machine. IR spectra were taken on a Bruker Tensor 27. High resolution mass spectra were measured using a Bruker BioApex FT mass spectrometer. TLC was performed on sheets precoated with either silica gel 60 F 254 (Merck, Germany) or RP-18 F 254 (Merck, Germany).
Plant material:
Roots of Z. flavum were collected in August 2003 from the Montgomery Botanical Center, Old Culture Road Region, Florida and identified by Dr Charles L. Burandt. A voucher specimen is deposited in his herbarium (518 Audubon, Oxford, MS, 38655)
Extraction and isolation:
The air-dried and powdered roots of Z. flavum (600 g) were extracted by maceration and sonication in MeOH to yield 40 g dried extract, 30 g of which were subjected to flash Si gel column chromatography eluting with n-hexane, n-hexane-CHCl 3 (1:1), CHCl 3 , CHCl 3 -MeOH (1:1), and finally with MeOH; nine fractions (1-9, 3L each) were collected. All the fractions were submitted for antioxidant activity. The active fractions (3, 4, 6, and 7) yielded 18 compounds as follows; Fraction 3 (11 g) was chromatographed on a basic alumina column (350 g) using CHCl 3 -n-hexane (20%) as an eluent to give eight subfractions 3A-3H. Crystallization of subfraction 3B (1.4 g) from a n-hexane-CHCl 3 mixture yielded 4 (425 mg). The subfraction 3D (3.6 g) was further chromatographed on a basic alumina column, followed by a Si gel column, then finally purified by preparative C18-HPLC (CH 3 CN:H 2 O, gradient) to afford 1 (3 mg), 10 (17 mg), 11 (5 mg) and 13 (14 mg). Fraction 4 (8.7 g) was chromatographed on an alumina column (220 g basic alumina), eluting with n-hexane-CHCl 3 mixture (1:1 to 1:3) to give 2 (91 mg), 7 (43 mg), and 12 (110 mg). Purification of fraction 6 (4.2 g) over a Si gel column (60 g) eluted with acetone-n-hexane-(2%-5%) afforded lupeol (148 mg), 5 (279 mg), 15 (266 mg), stigmasterol (5 mg), 3 (62 mg), β-sitosterol glucoside (6 mg), 8 (11.5 mg), and 9 (18.7 mg). Compounds 6 (102.4 mg) and 14 (54.8 mg) were isolated from fraction 7 (520 mg) after its purification using a SPE-C18 column (10 g) Anti-oxidant assay and cytotoxic effect on HL-60 cells: HL-60 cells were cultured in RIMI-1640 medium (GIBCO, Rockville, MD) containing 10% fetal bovine serum (Hyclone, Logan, UT) and 60 μg/mL amikacin (Sigma, St Louis, MO) at 37ºC in air containing 5% CO 2 . Antioxidant activity was measured using a cell-based DCFH-DA assay [22] . Effects of samples on exogenous reactive oxygen species (ROS) induced by phorbol-12-myristate-13-acetate (PMA, Sigma, 10 ng/mL, final) were measured within 2 h.
Cytotoxicity was measured using the XTT assay [23] .
After HL-60 cells were exposed to sample for 48 h, the cytotoxicity was evaluated.
All the isolated compounds were prepared at a concentration of 10 mg/mL, except for vitamin C and troxol (2 mg/mL). Four different final concentrations (62.5, 20.8, 6.9 and 2.3 µg/mL) and five different final concentrations (50.0, 16.7, 5.6, 1.9 and 0.62 ug/mL) of each compound were used in the DCFH-DA and XTT assays, respectively.
Cytotoxicity on Vero cells:
The level of toxicity of each compound was determined by measuring the effect on a fibroblast cell line from African monkey kidney (VERO) [16, 23] . For primary evaluation, fractions and isolated compounds were screened at three concentrations (4.76, 1.58 and 0.52 µg/mL), using a culture-treated 96 well micro plate for secondary assay. IC 50 values were determined from logarithmic graphs of growth inhibition values. The cytotoxic agents, doxorubicin and 5-flurouracil were used as positive controls, while DMSO was used as the negative (vehicle) control.
Antimalarial assay: Antimalarial activity of the compounds was determined in vitro on chloroquine sensitive (D6, Sierraleon) and resistant (W2, Indochina) strains of Plasmodium falciparum. The 96 well microplates assay is based on evaluation of the effect of the compounds on the growth of an asynchronous culture of P. falciparum, determined by the assay of parasite lactate dehydrogenase (pLDH) activity. The appropriate dilutions of the compounds were prepared in DMSO and added to the cultures of P. falciparum (2% hematocrit, 2% parasitemia) set up in clear flat bottomed 96 well plates. The plates were placed into an humidified chamber and flushed with a gas mixture of 90% N 2 , 5% CO 2 and 5% O 2 . The cultures were incubated at 37ºC for 48 h. Growth of the parasite in each well was determined by pLDH assay using Malstat reagent. Medium and RBC controls were also set up in each plate. The standard antimalarial agents, chloroquine and artemisinin, were used as the positive controls, while DMSO was used as the negative one.
